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Paul M. Vanhoutte‡, Ingrid Fleming*, and Rudi Busse*
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In addition to nitric oxide (NO) and prostacyclin (PGI2), the endo-
thelium generates the endothelium-derived hyperpolarizing factor
(EDHF). We set out to determine whether an EDHF-like response
can be detected in wild-type (WT) and endothelial NO synthase
knockout mice (eNOS 2y2) mice. Vasodilator responses to endo-
thelium-dependent agonists were determined in vivo and in vitro.
In vivo, bradykinin induced a pronounced, dose-dependent de-
crease in mean arterial pressure (MAP) which did not differ be-
tween WT and eNOS 2y2 mice and was unaffected by treatment
with Nv-nitro-L-arginine methyl ester and diclofenac. In the saline-
perfused hindlimb of WT and eNOS 2y2 mice, marked Nv-nitro-
L-arginine (L-NA, 300 mmolyliter)- and diclofenac-insensitive vaso-
dilations in response to both bradykinin and acetylcholine (ACh)
were observed, which were more pronounced than the agonist-
induced vasodilation in the hindlimb of WT in the absence of L-NA.
This endothelium-dependent, NOyPGI2-independent vasodilata-
tion was sensitive to KCl (40 mM) and to the combination of apamin
and charybdotoxin. Gap junction inhibitors (18a-glycyrrhetinic
acid, octanol, heptanol) and CB-1 cannabinoid-receptor agonists
(D9-tetrahydrocannabinol, HU210) impaired EDHF-mediated vaso-
dilation, whereas inhibition of cytochrome P450 enzymes, soluble
guanylyl cyclase, or adenosine receptors had no effect on EDHF-
mediated responses. These results demonstrate that in murine
resistance vessels the predominant agonist-induced endothelium-
dependent vasodilation in vivo and in vitro is not mediated by NO,
PGI2, or a cytochrome P450 metabolite, but by an EDHF-like prin-
ciple that requires functional gap junctions.

The endothelium plays an important role in the control of
vascular tone. At least three different vasodilating agents are

synthesized by the endothelium upon exposure to mechanical
forces, such as shear stress, or to receptor-dependent agonists,
such as acetylcholine (ACh) and bradykinin. Whereas the prop-
erties of two of these vasodilators, nitric oxide (NO) and
prostacyclin (PGI2), have been extensively investigated, the
nature and mechanism of action of the third vasodilator, the
endothelium-derived hyperpolarizing factor (EDHF), is still
controversial (1–7).

The purpose of the present study was to characterize EDHF-
mediated responses in vivo, in isolated arteries, and in the
perfused hindlimb of the mouse. To address the hypothesis that
NO might be EDHF, we also determined endothelium-
dependent relaxation in endothelial NO synthase (eNOS)
knockout (eNOS 2y2) mice.

Materials and Methods
Mice. Homozygous eNOS 2y2 mice were obtained from the
colonies at Heinrich-Heine-Universität, Düsseldorf (genetic

background C57BLyb6) and Beth Israel Deaconess Medical
Center, Boston, via Iffa Credo, L’Arbresle, France (genetic
background C57BLyb6ySV12) (8, 9). Male C57BLyb6 wild-type
(WT) control mice (8–12 weeks old) were purchased from
Charles River, Sulzfeld, Germany, and Iffa Credo, France. Mice
were housed in conditions that conformed with the Guide for the
Care and Use of Laboratory Animals published by the U.S.
National Institutes of Health (NIH publication no. 85-23). Lack
of eNOS expression in eNOS 2y2 mice was confirmed
by Western blot analysis of samples from aortic segments as
described (10).

In Vivo Measurements. Mice were anaesthetized with sodium
pentobarbital (90 mgykg, i.p., 200 ml). One carotid artery was
catheterized to monitor blood pressure. Bradykinin was ap-
plied as a bolus (100 ml) through the jugular vein. Increasing
doses were applied every 10 min as the transient hypotension
produced by bradykinin was rapidly and fully reversible.
Bradykinin rather than ACh was used, to prevent ACh-induced
arrhythmias. Inhibitors of NO synthase (Nv-nitro-L-arginine
methyl ester, L-NAME, 30 mgykg) and of cyclooxygenase
(diclofenac, 10 mgykg) or saline solution (100 ml) were injected
intraperitoneally at least 30 min before the application of
bradykinin. Animals showing any sign of hemorrhage or
animals with a systolic blood pressure lower than 60 mmHg
were excluded.

Organ Bath Experiments. Mice were killed, and arteries were
dissected, cut into segments (2–3 mm), and mounted on wire
triangles. Segments were placed in organ chambers, connected to
force transducers, and gradually stretched to 1 g. Studies were
performed in modified Krebs–Henseleit buffer (mmolyliter:
NaCl 118.3; KCl 4.7; CaCl2 1.8, MgSO4 1.2, KH2PO4 1.2,
NaHCO3 25, EDTA 0.026, glucose 11.1; pH 7.40 aerated with
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95% O2y5% CO2). Diclofenac (10 mmolyliter) was present in all
experiments. Rings were contracted with phenylephrine and
relaxed with cumulative concentrations of ACh, bradykinin, or
the NO donor sodium nitroprusside (SNP) in the presence or
absence of the NOS inhibitor Nv-nitro-L-arginine (L-NA, 300
mmolyliter).

Perfused Hindlimb. After sacrifice, the aorta at the thoraco-
abdominal transition was prepared, a Teflon i.v. catheter (0.67
mm, 24 gauge, brand Durflo; Terumo, Leuven, Belgium) was
introduced and advanced to one of the iliac arteries and tied with
a 6y0 prolene stitch (Ethicon, Norderstedt, Germany). The
inferior caval vein was slit open longitudinally to prevent venous
congestion. A roller pump was used to constantly perfuse the
hindlimb with filtered Krebs–Henseleit solution containing di-
clofenac (10 mmolyliter). A pressure transducer and a compli-
ance chamber were connected to a side port of the perfusion
system. Flow rate was gradually increased to achieve a perfusion
pressure of approximately 120 mmHg. At this perfusion pressure
a considerable amount of spontaneous myogenic tone is present,
which made preconstriction unnecessary. When a substance
produced a pronounced change in resistance, f low rate was
adjusted to reduce perfusion pressure (e.g., K1) or phenyleph-
rine was used to increase pressure (e.g., octanol, heptanol,
18a-glycyrrhetinic acid, HU210, D9-tetrahydrocannabinol).
When a stable pressure plateau was reached, endothelium-
dependent (ACh, bradykinin) or -independent vasodilators
(SNP) were applied in increasing concentrations as a bolus (100
ml) in glucose solution (50 gyliter), in the presence or absence of
inhibitors. For inhibitor studies, agonist-induced responses were
recorded in the absence and then in the presence of the inhibitor
to facilitate paired comparison of the results. To avoid artifacts
attributable to the tachyphylaxisydesensitization of the endo-
thelial B2 kinin receptor, these experiments were performed
using ACh rather than bradykinin. Vasodilator responses were
measured as changes in perfusion pressure. Agonist-induced
vasodilations were always normalized to the effects elicited by
SNP to ascertain the specificity of the effect observed.

The term ‘‘EDHF’’ used in this study refers to the KCl-
sensitive, L-NA- and diclofenac-resistant component of endo-
thelium-dependent vasodilation.

Statistics. Values given are mean 6 SEM. Relaxationsy
vasodilator responses were expressed as percent changes from
the initial precontraction levelsyperfusion pressure or the per-
cent vasodilator responses as compared with the maximal vaso-
dilator response induced by SNP. Statistical significance was
tested by using two-way ANOVA for repeated measures fol-
lowed by the Newman–Keuls test.

Results
Bradykinin-Induced Vasodilation in Vivo. Mean arterial pressure
(MAP) was significantly lower in WT than in eNOS 2y2 mice.
Diclofenac and L-NAME induced a slight but significantly
increase in MAP in WT and had no effect in eNOS 2y2 mice
(Table 1).

Bolus applications of normal saline or bradykinin had a small
negative chronotropic effect, which was never greater than 10%
(data not shown). Bradykinin induced a dose-dependent tran-
sient decrease in MAP which was identical in anesthetized WT
and eNOS 2y2 mice. Pretreatment with L-NAME and diclofe-
nac had no effect on the depressor response to bradykinin in
either strain (Fig. 1).

Endothelium-Dependent Relaxation in Conduit Arteries. In the pres-
ence of diclofenac, but in the absence of L-NA, endothelium-
dependent relaxation in response to ACh was observed in
arterial ring preparations from WT mice (maximal relaxation to

ACh: aorta 81% 6 2%, carotid 85% 6 6%, and femoral artery
85% 6 4%; n $ 5). L-NA completely inhibited these ACh-
induced relaxations.

No relaxation in response to ACh was observed in rings from
vessels derived from eNOS 2y2 mice (see Fig. 3B). Bradykinin
also failed to induce any relaxation in conduit arteries from
either WT or eNOS 2y2 mice, even in the absence of L-NA,
suggesting that the bradykinin receptor is not functionally ex-
pressed in these vessels (data not shown).

Endothelium-Dependent Dilation in the Perfused Hindlimb. In WT
animals, in the presence of diclofenac but in the absence of

Table 1. Baseline characteristics of the anesthetized mice

Mice MAP, mmHg Heart rate, BPM n

WT
Control 68.0 6 2.7† 428 6 8† 22
L-NAME 1 diclofenac 78.3 6 3.8† 377 6 5*† 28

eNOS 2y2

Control 114.8 6 13.8† 489 6 18† 16
L-NAME 1 diclofenac 98.0 6 10.1† 472 6 9† 26

BPM, beats per minute. p, P , 0.05 vs. respective control; †, P , 0.05 WT vs.
eNOS 2y2.

Fig. 1. Effect of bradykinin on arterial blood pressure in anesthetized mice.
(A) Original tracing showing the effect of a bolus application of bradykinin
(Bk; 10 mgykg, i.v.) on blood pressure (BP) in a diclofenac- (10 mgykg, i.p.) and
L-NAME- (30 mgykg, i.p.) treated mouse. (B and C) Effect of bolus application
of saline or bradykinin (doses indicated above the bars) on MAP in the absence
(B) or in the presence (C) of diclofenac and L-NAME; n $ 5 each group;
p, P , 0.05.
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L-NA, ACh (Fig. 2) as well as bradykinin (maximal relaxation:
81.6% 6 5%), induced a dose-dependent vasodilator response in
the hindlimb. Agonist-induced vasodilator responses were pre-
served after perfusion with L-NA (applied for at least 30 min)
(ACh: Fig. 2, bradykinin maximal relaxation 116% 6 6%).
Responses to ACh as well as to SNP were increased by L-NA, as
was perfusion pressure and peripheral resistance. A reduction in
perfusion rate, to obtain identical levels of perfusion pressure,
had no effect on peripheral resistance or on vasodilation elicited
by ACh or SNP (Fig. 2). Treatment with Triton X-100 (three
bolus injections 100 ml, 0.1%) to destroy the endothelium
markedly attenuated vasodilation in response to ACh (remaining
response: 21.0% 6 3.7%, n 5 5), but had little effect on
SNP-induced vasodilation (81.0% 6 13.6%, n 5 5), indicating
that the effect of ACh was endothelium dependent.

In the hindlimb of eNOS 2y2 mice, vasodilation in response
to ACh and bradykinin was observed in the presence of diclofe-
nac and was unaffected by L-NA. In contrast to WT mice, L-NA
infusion did not increase vascular resistance in eNOS 2y2 mice
(change in perfusion pressure by L-NA: WT mice, 43% 6 7%;
eNOS 2y2 mice, 2.3% 6 1.7%; P , 0.001; n . 5). ACh-induced
vasodilation and peripheral resistance were identical in eNOS
2y2 and WT mice treated with L-NA (Fig. 3).

Characterization of the L-NA-Resistant Vasodilation in the Perfused
Hindlimb of WT Mice. Increasing the K1 concentration in the
perfusate to 40 mmolyliter completely prevented endothelium-

dependent vasodilator responses. The combination of the K1

channel blockers charybdotoxin (100 nmolyliter) and apamin (100
nmolyliter) also inhibited ACh-induced relaxation, whereas charyb-
dotoxin alone only slightly impaired it (Fig. 4A). Apamin by itself,
the K1 channel blocker iberiotoxin (100 nmolyliter), or the com-
bination of apamin, iberiotoxin, glibenclamide (1 mmolyliter), and
4-aminopyridine (5 mmolyliter) did not significantly inhibit the
vasodilation elicited by ACh. When experiments were performed in
the absence of L-NA, ACh-induced vasodilation was largely unaf-
fected by K1 or inhibition of K1 channels with charybdotoxin. Only
the combination of charybdotoxin and apamin had a small, but
significant, inhibitory effect (data not shown). The ACh-induced
L-NA- and diclofenac-resistant vasodilation in the hindlimb was not
affected by the adenosine antagonist 8-cyclopentyl-1,3-dipropylx-
anthine (1 mmolyliter, data not shown) (11), the CYP inhibitors
17-octadecynoic acid (10 mmolyliter), miconazole (10 mmolyliter),
and sulfaphenazole (10 mmolyliter), or a combination of phospho-
lipase A2 and D inhibitors (Fig. 4B).

In the presence of L-NA, inhibition of the soluble guanylyl
cyclase with 1H-oxadiazolo[4,3-a]quinoxalin-1-one (ODQ; 1

Fig. 2. Dilator responses to endothelium-dependent and -independent
agonists in the isolated perfused hindlimb of WT mice. (A) Original tracing
showing the effect of bolus applications (100 ml) of ACh or SNP on perfusion
pressure in the absence or presence of L-NA (300 mmolyliter). Numbers above
the arrows indicate the dose of the agonist applied with the bolus (log mol);
p indicates a reduction in flow rate to maintain the perfusion pressure at a
constant level. (B) Parameters of the perfused hindlimb in WT mice under basal
conditions (shaded columns), during application of L-NA (filled columns), and
after reduction of flow rate to adjust perfusion pressure during L-NA appli-
cation (open columns). (C) Vasodilator responses to bolus applications (100 ml)
of ACh and SNP in WT mice under control conditions (h), during the infusion
of L-NA (■), and during infusion of L-NA and flow rate adjustment (F); n 5 8
each group; p, P , 0.05. All experiments were performed in the presence of
diclofenac (10 mmolyliter).

Fig. 3. Effects of ACh, SNP, and L-NA on vasodilator responses of eNOS 2y2
mice. (A) Expression of eNOS in mouse aortic rings from WT and eNOS 2y2
mice as detected by Western blot analysis. (B) Original tracings showing
relaxations of isolated aortic rings from WT and eNOS 2y2 mice. After
constriction with phenylephrine (PE), cumulative dose–response curves to ACh
were obtained. Numbers above the arrows indicate the final concentration of
the agonist (log molyliter). Tracings are representative of data obtained in six
additional experiments. (C and D) Original tracings showing changes in hind-
limb perfusion pressure in eNOS 2y2 mice upon bolus application of ACh or
SNP (C) or bradykinin (Bk) (D) in the presence of diclofenac and presence or
absence of L-NA. Numbers above the arrows indicate the dose of the agonist
applied as a bolus (log mol). (E) Peripheral resistance of the perfused hindlimb
of WT and eNOS 2y2 mice in the absence (shaded columns) and presence
(filled columns) of L-NA. ns, Not significant. (F) Vasodilator responses to bolus
applications (100 ml) of ACh in the perfused hindlimb of WT (h,■) and eNOS
2y2 mice (E,F) in the absence (open symbols) and presence (filled symbols) of
L-NA (n $ 8).
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mmolyliter) (12) or mesoporphyrin IX (10 mmolyliter) (13)
attenuated ACh-, cromakalim-, and nifedipine-induced vasodi-
lation, all to the same extent. SNP-induced vasodilation was
nearly abolished by the inhibitors. Catalase (400 unitsyml),
which inactivates the soluble guanylyl cyclase activator hydrogen
peroxide (H2O2), and tin as well as zinc protoporphyrin IX (10
mmolyliter), which inactivate heme oxygenase (14), did not
influence the responses to ACh (data not shown).

In the presence but not absence of L-NA, 18a-glycyrrhetinic
acid (aGA, 30 mmolyliter), an inhibitor of gap junctional com-
munication (15), inhibited vasodilation by more than 50%,
whereas aGA had no effect in the absence of L-NA (Fig. 5). The
unspecific gap junction inhibitors heptanol (1 mmolyliter) and
octanol (1 mmolyliter) also markedly impaired vasodilation in
the presence of L-NA (data not shown).

The nonselective CB receptor agonist D9-tetrahydrocannabi-
nol (3 mmolyliter) and the selective CB1 receptor agonist HU210
(10 mmolyliter) both attenuated endothelium-mediated vasodi-
lator response in the presence but not absence of L-NA (Fig. 5).

Identical results were obtained when eNOS 2y2 mice were
used.

Discussion
In the present study we have demonstrated, both in vivo and
in vitro, a pronounced agonist-induced L-NA- and diclofenac-
resistant, endothelium-dependent vasodilation in resistance
arteries of WT and eNOS 2y2 mice. This NO- and PGI2-
independent relaxation was inhibited by depolarizing concen-
trations of K1 and was sensitive to K1 channel blockers,
suggesting that these responses could be attributed to EDHF
but not to endothelium-derived NO (4, 16).

Endothelium-dependent relaxations and vasodilations were
observed in isolated conduit arteries and in the perfused hind-
limb. However, whereas diclofenac- and L-NA-resistant dilator
responses were detected in the perfused hindlimb, this was not
the case in conduit arteries. The latter finding is consistent with
a previous report that agonist-induced endothelium-dependent
hyperpolarization is absent in murine conduit arteries (17). The
most likely explanation for these observations is that EDHF is
a more prominent vasodilator in smaller vessels (3). Indeed,
EDHF-like dilations could be demonstrated only in perfused
vascular preparations in the present study. This may simply
reflect the fact that EDHF responses observed in different
vascular beds from the same species or between species are

highly variable (18). Alternatively, f luid shear stress may facil-
itate agonist-induced EDHF production in mice.

Endothelium-dependent relaxations resistant to L-NA have
been linked with hyperpolarization on the basis of the observa-
tion that both phenomena are inhibited by K1 channel blockers
and depolarizing concentrations of K1 (4, 16). Although hyper-
polarization was not measured in the present study, our data
strongly suggest that an EDHF mediates L-NA-resistant endo-
thelium-dependent vasodilation in the mouse. Indeed, the sen-
sitivity of the L-NA- and diclofenac-resistant vasodilation to the
combination of charybdotoxin and apamin is a characteristic of
EDHF-mediated responses (7, 19).

The major drawback of studies aiming to determine the
physiological relevance of EDHF is that the contribution of this
factor to endothelium-dependent vasodilation can be estimated
only as the L-NA-and diclofenac-resistant portion of relaxation.
This approach is problematic in vivo and in intact organs because
of the pronounced vasopressor effect of NOS inhibitors (20, 21),
and it relies on the complete suppression of NOS activity by the
inhibitor used, which may not always be the case (22). In certain
situations, high concentrations of NO can activate large con-
ductance Ca21-activated K1 channels either directly (23), or by
a cGMP-dependent mechanism (24). In the present study we can
completely exclude the participation of endothelium-derived

Fig. 4. Effects of K1 channel blockade and cytochrome P450 (CYP) inhibition
on ACh-induced vasodilator responses in the hindlimb of WT mice. Experi-
ments were performed in presence of diclofenac (10 mmolyliter) and L-NA (300
mmolyliter). (A) CTL 5 control, potassium channel blockade with charybdo-
toxin (CTX, 100 nmolyliter), apamin (APA, 100 nmolyliter), 4-aminopyridine,
(4AP, 5 mmolyliter), glibenclamide, (Glib, 1 mmolyliter), and iberiotoxin (IbTX,
100 nmolyliter). (B) Inhibition of CYP enzymes with 17-octadecynoic acid
(ODYA, 10 mmolyliter), miconazole (Mico, 10 mmolyliter), and sulfaphenazole
(Sulfa, 10 mmolyliter) or of arachidonic acid release (S Dep, substrate deple-
tion) by using the combination of the phospholipase A2 inhibitors arachidonyl
trifluoromethyl ketone (AACOCF3, 3 mmolyliter) and ONO-RS-082 (10 mmoly
liter) with the diacylglycerol-lipase inhibitor THC-80267 (10 mmolyliter). p, P ,
0.05; n $ 4.

Fig. 5. Effect of gap junction uncouplers and CB1 cannabinoid receptor
agonists on ACh-induced vasodilator responses in the hindlimb of wild-type
mice. Effects of the gap junction uncoupler 18a-glycyrrhetinic acid (aGA; 30
mmolyliter) and the CB1-receptor agonists D9-tetrahydrocannabinol (THC; 3
mmolyliter) and HU210 (10 mmolyliter) in the presence (1) or absence (2) of
L-NA (300 mmolyliter). Diclofenac (10 mmolyliter) was continuously present
during the experiment. CTL, control. n $ 5.
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NO in the EDHF-like dilation because identical results were
obtained in WT and eNOS 2y2 mice. Furthermore, as the
hypotension and hindlimb vasodilations were still observed in
the presence of a nonspecific NOS inhibitor, a compensatory
role of neuronal NO, as suggested in the cerebral circulation of
eNOS 2y2 mice (25, 26) is unlikely to account for our obser-
vations. Finally, the hindlimb vasodilation was highly sensitive to
the combination of charybdotoxin and apamin, but not to
iberiotoxin, ruling out the involvement of large conductance K1

channels (27) and their potential activation by residual NO. The
involvement of guanylyl cyclase and heme oxygenase in EDHF-
mediated vasodilation has been reported in porcine pulmonary
arteries (14). In the present study, inhibition of these enzymes
had no effect on the non-NOyPGI2-mediated vasodilation.

It has been proposed that EDHF may serve as a backup
vasodilator in situations associated with an altered bioavailability
of endothelium-derived NO (28, 29). In the present study, L-NA
induced a marked increase in perfusion pressure in the hindlimb
of WT but not eNOS 2y2 mice, highlighting the important role
of basal shear stress-induced NO production in the regulation of
vascular tone and resistance. Indeed, the resistance of the
L-NA-perfused hindlimb in eNOS 2y2 and WT mice was not
different. Although a recent in vitro study suggested that PGI2
may compensate for the lack of basal NO release (30), our data
indicate that such a mechanism is not sufficient to adjust
resistance to a normal level in eNOS 2y2 mice in vivo. A role
for PGI2 in hindlimb vasodilation having been excluded by the
inclusion of diclofenac, the similarity in the resistance of eNOS
2y2 and WT mice treated with L-NA implies that, under the
experimental conditions (nonpulsatile flow) used, EDHF is also
not able to compensate for NO as a modulator of basal vascular
tone. In addition, our observation that the combination of
charybdotoxin and apamin induced only a small increase in
resistance in WT mice argues against a significant basal release
of EDHF in the present model.

On the other hand, EDHF appears to be at least as important as
endothelium-derived NO in mediating agonist-induced vasodila-
tion in the mouse, as indicated by the failure of either eNOS gene
deletion or eNOS inhibition to attenuate agonist-induced vasodi-
lator response in vivo or in vitro. In the perfused hindlimb, only the
inhibition of both NO and EDHF impaired vasodilator responses
to ACh, suggesting that in this vascular bed, EDHF and endothe-
lium-derived NO can completely compensate for the lack of each
other. Given such a situation, no difference in EDHF-mediated
responses between acute inhibition of eNOS and eNOS knock-out
would be expected, and indeed this was the case in the present study.

Both acute and chronic NO withdrawal enhanced, rather than
impaired, ACh-induced hindlimb vasodilator response in the
present study. When vasodilation was elicited by SNP, this differ-
ence was even more pronounced. Such an effect may reflect that,
in the perfused hindlimb, NO continuously released from the
endothelium induces a sustained reduction in vascular tone, thereby
shifting the dose–response curve for the applied vasodilator to the
right. Just such a phenomenon has previously been demonstrated
in the rat aorta (31). Indeed, a constant infusion of high concen-
trations of SNP (100 nmolyliter) was required to antagonize the
increase in perfusion pressure induced by L-NA in WT mice. This

procedure also prevented the L-NA-induced increase in ACh-
induced vasodilator response (R.P.B., unpublished observations).

We have previously reported that EDHF is a CYP-epoxygenase
metabolite in porcine coronary arteries (32). In the present study,
we found no evidence to suggest that a CYP metabolite of
arachidonic acid is an EDHF in the mouse hindlimb. The only clear
inhibition of EDHF-mediated vasodilator responses was observed
with gap junctional inhibitors, which are reported to inhibit EDHF-
mediated relaxation of the rabbit mesenteric artery (33, 34) It is
interesting to note that gap junction uncouplers have almost no
effect on EDHF-mediated relaxation in porcine coronary arteries
(I.F., R.P.B., and R.B., unpublished observation). This observation
implies that two distinct EDHFs account for the L-NA- and
diclofenac-resistant endothelium-dependent vasodilation in mouse
resistance vessels and porcine coronary arteries. Very recently,
evidence for the presence of a CYP-derived EDHF has been
presented in segments of the isolated mouse gracilis vessels in WT
and eNOS 2y2 mice (35). It is currently unclear whether the
specific genetic background of the animals studied, the lack of shear
stress, the method of application of endothelial agonists (infusion
vs. bolus), or the experimental environment used (isolated vessels
vs. in situ preparation) underlies the somewhat contradictory results
obtained. The fact that not only CYP inhibitors but also iberiotoxin
completely inhibited the EDHF-type relaxation in the study by
Huang et al. (35), however, indicates that two profoundly different
EDHFs may be generated within the mouse vasculature.

In addition to the concept of a CYP-derived EDHF, it has
been suggested that potassium might be an EDHF in some
vessels (36). Because ouabain and barium, the inhibitors used in
this study (36), exert severe side effects on myogenic tone
(R.P.B., unpublished observation) we could not address this
hypothesis in the perfused hindlimb.

Apart from gap junction uncouplers, the L-NA- and diclofe-
nac-resistant portion of vasodilation in the present study was
sensitive to CB1 receptor agonists. Such compounds impair
EDHF-mediated relaxations in rabbit arteries without affecting
Ca21-signaling (37). Anandamide, another nonselective CB1
receptor agonist, which inhibits EDHF-mediated relaxation
(37), also inhibits gap junctional communication and intercel-
lular coupling in astrocytes (38). These findings raise the pos-
sibility that CB1 agonists interfere with the signal transduction
cascade leading to the synthesis and release of EDHF andyor the
propagation of hyperpolarization via gap junctions (37).

In summary, our study does not support a role for CYP enzymes,
soluble guanylyl cyclase, or eNOS in the agonist-induced EDHF-
mediated dilation in the mouse hindlimb, but it highlights a role for
functional gap junctions and calcium-dependent K1 channels.
Moreover, we have demonstrated that endothelial stimulation
induces the release of an EDHF that is a potent endogenous
vasodilator of murine resistance vessels, both in vivo and in vitro.
This EDHF is able to completely compensate for the lack of NO in
L-NA-treated WT or eNOS 2y2 mice.

The study was supported by a grant from the ADUMED-Stiftung and a
young investigators grant from the Klinikum der Johann Wolfgang
Goethe-Universität to R.P.B., as well as the Sonderforschungsbereich
SFB 553, TP B1.
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